Background: Food and Drug Administration announcements have highlighted the standard rate of mesh-related complications. We aimed to report the short-term results and complications of tension-free polypropylene mesh (PROSIMA ™ ) surgical repair of pelvic organ prolapse (POP) using the standard category (C), timing (T), and site (S) classification system. Methods: A prospective cohort study of 48 patients who underwent PROSIMA ™ mesh kit-related surgical repairs were followed for two years at Peking Union Medical College Hospital. Recurrence was defined as symptomatic POP quantification (POP-Q) Stage II or higher (leading edge ≥ −1 cm). The Patient Global Impression of Change Questionnaire, the Chinese version of the Pelvic Floor Impact Questionnaire short-form-7 and POP/Urinary Incontinence Sexual Questionnaire short-form-12 were used to evaluate the self-perception and sexual function of each patient. Mesh-related complications conformed to the International Urogynecological Association/International Continence Society joint terminology. The paired-sample t-test, one-way analysis of variance, Fisher's exact test, Kaplan-Meier survival analysis and log-rank test were used to analyze data. Results: All patients were followed up for ≥12 months; 30 (62.5%) patients completed the 24 months study. We observed a 93.8% (45/48) positive anatomical outcome rate at 12 months and 90.0% (27/30) at 24 months. Recurrence most frequently involved the anterior compartment (P < 0.05). Pelvic symptoms improved significantly from baseline (P < 0.05), although the patients' impressions of change and sexual function were not satisfying. Vaginal complication was the main complication observed (35.4%, 17/48). The survival analysis did not identify any relationship between vaginal complication and anatomical recurrent prolapse (POP-Q ≥ Stage II) (P = 0.653). Conclusions: Tension-free polypropylene mesh (PROSIMA ™ )-related surgical repair of POP has better short-term anatomical outcomes at the apical and posterior compartments, but a low patient satisfaction rate. The mesh complications were not the definitive cause of recurrence. 
IntroductIon
Pelvic organ prolapse (POP) adversely affects the quality of life (QoL) of parous women. [1, 2] Women having high recurrence rates using traditional techniques or native tissue repairs are increasingly likely to choose mesh-related surgical treatments. [3] In the past several decades, various mesh kits or materials have resulted in varying reported success rates. However, mesh safety also gained much attention as Food and Drug Administration announcements have reported mesh-related complications. [4] In 2011, the International Urogynecological Association (IUGA)/International Continence Society (ICS) issued a joint report on those complications arising directly from the insertion of synthetic materials (prostheses) in female pelvic floor surgeries, which standardized the measurement of complications. [5] The PROSIMA ™ pelvic floor repair system is a mesh kit with a nonanchored, tension-free polypropylene mesh and vaginal support device (VSD) that is inserted into the lumen of the vagina at the completion of surgery. [6, 7] This kit was reported to advantageously reduce recurrence and complication rates. [8] However, limited results are available regarding the clinical outcomes and complications in Chinese women. Although this mesh kit has been withdrawn from the
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market by the manufacturer and is not widely used today.
The patients' QoL with this surgery should be considered the most important part of treatment. In addition, there are limited results about the measurement of complications of these surgeries using the standard CTS classification system. The aim of this study was to evaluate the clinical outcomes, the QoL and especially mesh-related complications using the standard CTS classification system in a cohort of women who received total pelvic reconstructive surgical repair with the mesh kit. We also aimed to identify the relationships between the mesh complications and recurrence.
Methods

Study participants
From July 2010 to July 2012 at Peking Union Medical College Hospital (PUMCH), 48 consecutive patients were enrolled in this study and underwent vaginal repair with mesh kits (PROSIMA ™ pelvic floor repair system). All participants provided signed informed consent. This study was approved by the Institutional Ethics Committee at PUMCH. All the surgeries were performed by the same senior urogynecologist. The following inclusion criteria were applied: first-time patients who were predominantly diagnosed with symptomatic Stage III or IV POP using the POP quantification (POP-Q) system. [9] We excluded the patients with genital malignancies or other severe physiological diseases and those with mental illness (Gynecare PROSIMA ™ Pelvic Floor Repair System [J and J]).
Study design
The baseline evaluation included standard medical and (uro) gynecological history, urodynamics, a 1-hour pad test when the patient complained of urine leakage, and a 1-hour pad test when the prolapse was reduced. For sexually active women, the Chinese version of the POP/Urinary Incontinence Sexual Questionnaire short-form-12 (PISQ-12) was administered to evaluate sexual function, [10] and the Chinese version of the Pelvic Floor Impact Questionnaire short-form-7 (PFIQ-7), which evaluates three domains (i.e. prolapse, urinary and colorectal symptoms), was used to measure the impact of prolapse on QoL before surgery, as well as the degree of postoperative symptom improvement. [11] The patients underwent the total vaginal mesh procedure with or without concomitant vaginal hysterectomy; the surgical procedure was clearly described in a previous study. [6] The VSD was removed 3-4 weeks after the surgery, and Visual Analog Scales (VAS) were used to evaluate the degree of pain. [12] The indwelling urinary catheter was removed 24 or 48 hours after the operation, and postvoid residual urine was evaluated by scan after the third void. Preoperative data, the operation time, pre-and post-operative complications, blood loss, and postoperative short-term voiding difficulties, were also abstracted.
Patients were consulted regarding postoperative symptoms, and they underwent physical examinations in the clinic at 1 month, 3 months and every 12 months after surgery. Anatomical outcomes were evaluated using the POP-Q system. Prolapse recurrence was defined as symptomatic (a bulge or something falling out that could be seen or felt in the vaginal area) Stage II or higher POP (leading edge ≥ −1 cm). The patients were also telephoned at 24 months to complete three questionnaires; the patient global impression of change (PGI-C) inventory assessed the women's perception of improvement of their prolapse condition using a five-point Likert scale ranging from "much worse" to "much better", [13] and PISQ-12 and PFIQ-7 were used to measure the subjective perception of symptom improvement. We conformed to the IUGA/ICS joint terminology for mesh-related complications.
Statistical analyses
A paired-sample t-test was used to compare the continuous variables between the groups. Fisher's exact test was used to evaluate nominal variables. One-way analysis of variance (ANOVA) was used to compare the POP measurements between the three groups (i.e. prolapse, urinary and colorectal symptoms) at the pre-and post-operative time points. P ≤ 0.05 was considered as statistical significant. The Kaplan-Meier survival analysis estimated the relapse-free survival rates. The log-rank test compared the complication-free survival rate. SPSS version 16.0 (SPSS Inc., USA) was used to perform the statistical analyses.
results
All patients were followed for 12 months or much longer (median, 21 months; range, 12-29 months). Thirty (62.5%) patients completed the 24 months follow-up. All patients completed the telephone interview questionnaire at 24 months. The average age was 65.0 ± 5.8 years, the mean course of POP was 5.6 ± 8.8 years, and all patients were POP-Q Stage III or higher. Of the 48 patients, 10 (20.8%) showed stress urinary incontinence (1-hour pad test, 4.30 ± 1.2 g) before surgery. Three (6%) patients had concomitant anti-incontinence surgeries (tension-free vaginal tape obturator [TVT-O]). Eight (16.7%) patients had undergone previous hysterectomy. The patients had a median operation time of 50 minutes with concomitant vaginal hysterectomy and 30 minutes without it. The median blood loss was 50 ml (20-150 ml), and the median hospital stay was 5 days (3-10 days). The postoperative VAS score was 4.0 ± 2.9 at 24 hours and 1.0 ± 1.4 at three or four weeks after surgery [ Table 1 ].
Clinical outcomes
Anatomical outcomes
As shown in Table 2 , the POP-Q stages were significantly improved from baseline. The two years follow-up assessment showed a 93.8% (45/48) positive anatomic outcome rate (POP-Q Stage 0, I or II without symptoms) at 12 months and 90.0% (27/30) at 24 months. Surgical repair showed better treatment for the apical and posterior compartments than the anterior at the 12-and 24-month follow-ups (P < 0.05). Three patients had symptomatic recurrences at 12 months after surgery; all recurrences were at the anterior compartment. None of them chose a second surgical intervention.
Functional outcomes
Twenty-eight (58.3%) patients were satisfied with the postoperative change (PGI-C score 4 or 5), whereas seven (14.6%) patients felt disappointed (PGI-C score 1 or 2). Statistically significant improvements were observed in the symptom scores compared with those at baseline as recorded by the PFIQ-7 (P < 0.05). Univariate one-way ANOVA demonstrated that the greatest symptom improvement occurred in the prolapse domain while the least improvement was noted in the urinary domain. Only a third (7/21) of the patients were sexually active after the surgery, and the PISQ-12 questionnaire did not show significant improvement (P = 0.082) [ Table 3 ].
Postoperative short-term voiding difficulty was observed in 25% (12/48) of the patients (postvoid residual urine measured by bladder scan ≥100 ml or >1/3 of the voiding volume). Catheterization was prolonged from 72 hours to six days. Half of these patients (6/12) reported residual urine ≥100 ml before surgery. None of the patients had concomitant anti-incontinence surgeries (TVT-O). All patients with postoperative voiding difficulty recovered in seven days. Frequency and nocturia were the most frequent complaints. Four cases of de novo urinary incontinence were reported at three (3/4) and 12 months (1/4) after surgery. Table 4 shows all mesh-related complications that occurred during the follow-up; all shown complications conform to IUGA/ICS joint terminology. Retropubic hematoma (7A) was found in 2/48 (4.2%) patients (3.5 cm × 2.3 cm, 5.4 cm × 2.6 cm) at 48 hours after surgery, but it became asymptomatic and disappeared in seven days. Vaginal complication (C1-C3, mesh contraction or exposure) was the main complication (35.4%, 17/48), but 88.2% (15/17) of these patients were asymptomatic. Of the patients with vaginal complications, 29.4%(5/17) were clinically diagnosed over 12 months (T4) after surgery. The anterior vaginal wall was frequently involved (64.7%, 11/17). One patient complained of dyspareunia whereas the other had spontaneous pain. Patients with vaginal complications and repeated mesh exposure resolved with an exposed mesh excision in the clinic and topical estrogen treatment.
Mesh-related complication
We aimed to identify the relationship between vaginal complication (mesh exposure) and the degeneration of POP-Q stage. We found that the anterior compartment was the compartment most often involved with recurrence and vaginal complications. However, the Kaplan-Meier and log-rank survival analyses did not find any significant relationship between anatomical recurrent prolapse (POP-Q Stage ≥ II) and vaginal complications (P = 0.653) [ Figure 1 ]. 
dIscussIon
The PROSIMA ™ mesh kit was designed by Carey et al. [6] to reinforce the vaginal repair procedure with mesh and to support the vagina with the VSD for four weeks to reduce the intra-abdominal pressure that may adversely affect healing after the procedure, which could lead to surgical failure and recurrent prolapse. [14] Although this mesh kit has been frequently used in pelvic reconstructive surgeries over the past decade, there have been few reports on the efficacy and safety of the kit in China. This mesh kit is not widely used today. Patients' QoL should not be overestimated or overlooked after this surgery. In this study, this tension-free mesh-related surgical repair appeared to have better short-term anatomic outcomes for advanced POP in the apical and posterior compartments than in anterior compartment, but with a high rate of complications. The low VAS scores of the patients can be interpreted as an advantage of the tension-free mesh. The overall cure rate appeared to be better than the one year results reported by Withagen et [6, 14, 15] but aligned with those of Fan et al. [16] PROSIMA ™ mesh-related surgical repair is clearly a better treatment for the apical and posterior compartments. Recurrence frequently involved the anterior compartment, which is consistent with transvaginal prolapse repair studies that have established this compartment as the most vulnerable to recurrent prolapse. [17, 18] We might also explain this phenomenon by the inclusion of patients with predominantly advanced anterior compartment prolapse before the surgery. The free tension of this mesh kit may be another defect that provides better and stronger long-term support for the anterior compartment. However, this report had a short duration with unknown long-term results. Compared with the improvement of anatomic outcomes, we did not identify equal improvements in self-perception of the patients based on the PGI-C questionnaire, which should be more important than objective improvement. Only half of the patients were satisfied with the change after surgery. Bothersome symptoms included repeated mesh exposure (7/48), recurrence (3/48), de novo urinary incontinence (4/48), voiding dysfunction (3/48) and urinary frequency or urgency (2/48). However, none of these needed surgical intervention. We recommended these patients are given more care, longer follow-up time, shorter follow-up span and regular topical estrogen application.
The complications of mesh-related surgical repair are important issues that have recently gained much attention. Many reports of mesh exposure have been released, but few have conformed to the IUGA/ICS joint terminology, which clearly describes the category, time and site of complications. The cumulative mesh complication rate in our study was 39.6% (19/48) during our follow-up period. Two postoperative hematoma (7A/T1/S3) complaints disappeared one week after surgery. Seventeen patients had vaginal complications (C1-C3) with no urinary or intestinal tract involvement. The mesh exposure resolved with excision of the exposed mesh and topical estrogen treatment. To date, no infection has been reported. Compared with many other mesh-augmented surgeries, we found that mesh exposure appeared earlier at higher rates in PROSIMA ™ -related surgical repairs than reported by other systematic reviews (0-7.1% or 10.3%). [19, 20] Compared with the posterior and apical compartments, mesh exposure requiring excision was more commonly seen after anterior compartment transvaginal mesh repairs, which was in line with Nguyen et al. [21] As there were no standard measurements in prior studies, direct comparison with our results is inappropriate and hence the difference in mesh exposure between these studies should be interpreted with caution. However, in our unpublished data that evaluated complications after PROLIFT ™ mesh kit-related surgical repair of POP, we also identified a much lower vaginal complication rate (10.4%). Patients with low PGI-C scores also complained that repeated mesh excision was painful and annoying. We observed that the anterior compartment was prone to both recurrence and vaginal complications. As patients with vaginal mesh exposure underwent repeated mesh excision, whether these two factors were associated with each other is unknown. However, during our follow-up time, we did not identify any relationship between vaginal complication and the survival rate of anatomical recurrent prolapse nor were there any other potential risk factors. This finding may be attributed to the short follow-up time and limited patient number; therefore, long-term follow-up is still recommended. The high risk of mesh complication may be directly attributable to the unique characteristics of the PROSIMA ™ mesh kit. We hypothesize that the long retention time of VSD in the vagina puts pressure on the vagina and results in tissue ischemia, which impedes tissue regeneration and favors mesh exposure. The earlier appearance of mesh exposure supports this hypothesis. A pathomorphology study is needed to confirm this hypothesis.
Few studies have discussed the postoperative short-term voiding difficulty, which directly prolonged hospital stays and increased medical costs. We found postoperative voiding difficulty (postvoid residual urine measured by a bladder scan ≥100 ml or >1/3 of the voiding volume) in 25% (12/48) of the patients. However, the true cut-off value of postoperative short-term voiding difficulty has not been defined by the ICS. Many patients with residual urine ≥100 ml were asymptomatic and recovered rapidly. The definition of postoperative voiding difficulty in this study may be arbitrary, and more study is needed to evaluate this topic. Limited studies have identified potential risk factors for this complication. We recommend that patients with low preoperative average urine flow rates be given sufficient preoperative explanations about this problem. Several studies have found that these patients are prone to postoperative short-term urinary retention. [22, 23] The strengths of this study include the use of a new standard IUGA/ICS classification system. All surgeries were performed by the same surgeon, which controlled for the influence of surgical experience level and technique. The limitations of our study include the short follow-up period, lack of a control group, limited number of patients and the fact that this mesh kit has been withdrawn from the market and is not widely used today.
I n c o n c l u s i o n , t e n s i o n -f r e e p o l y p r o p y l e n e mesh (PROSIMA ™ )-related surgical repair of POP has better short-term anatomic outcomes at the apical and posterior compartments. However, this method is related to a low postoperative patient satisfaction rate and a high risk of mesh complication. We did not identify a relationship between the vaginal complication and degeneration of the anatomic outcome in this limited patient cohort. Long-term studies of larger patient cohorts are still needed. Postoperative short-term voiding difficulty should be given more attention because it resulted in prolonged hospital stays and increased medical costs; both factors affect the doctor-patient relationship. Patients' QoL is often overestimated or overlooked after surgery. Therefore, more attention and care should be given to these patients.
